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Who are we?

e Genomics and transcriptomics core facility spread on 5 sites GeT in Toulouse

* National Infrastructure within the « France Génomique » program
e IBISA Label

* INRA strategic core-facility = ":\'i’ S S o
* 1509001 et NFX50-900 Certification iy,
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Team and Expertise

* A team of 30 people with:

— Technological Specialty and Scientific community by site
Experts in Agronomy, Environment, Microbiology, Health
Competence in biology, bioinformatics, bhiostatistics

v’///////m....-mllﬂ'

Partnership with Genotoul Bioinformatic core-facility (NG6) for:

geno =
Data storage and management toul

bioinfo

Data Quality analysis

http://get.genotoul.fr ’? o
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The Core facility missions

* To provide innovating technologies for genome analysis to the scientific

community
— Sequencing / Genotyping
— Gene expression

* To Develop new protocols, new methodologies, acquire expertise and train in
those technologies

* To animate workshop for user network

http://get.genotoul.fr
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* 15 R&D projects

*  More than 100 laboratories (INRA, CNRS, INSA, INSERM, CHU, CIRAD ...)

— More than 160 research teams
— More than 250 projects .

I Auzeville

Winteme
M Région
W Toulouse

— 3ME€ of activity ;, e

* 17 Research projects (ANR, INCA, H2020 ...)

A0 il i ez, s 014 w15

e 46 Publications as co-author since 2012
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‘Whole-genome sequencing of 234 bulls facilitates
* mapping of monogenic and complex traits in cattle
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Tools to improve the activity

Sample and library quality controls

Single cell capture (C1 Fluidigm)

Pipetting platforms for sample preparation
— Partnership with Tecan (4 Evo), Agilent Bravo
— Access array (fluidigm)

http://get.genotoul.fr
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PCR quantitative PCR quantitative Microarray
microfluidic

ViiA7, QuantStudio,

Affymetrix — Agilent
ABI7900HT, ...

iScan

http://get.genotoul.fr



Tom ¥

Génome et
Transcriptome

From Sanger to short read NGS revolution

2

~

STRUCTURAL
GENOTYPING . :
BY SE !II;IH | Mate Pair EPIGENETICS
BY SEQUENCING s, sty (ST
N N 2UODIED )/
I?ud-Seq ij Y! ‘X‘) ' ~ Whole Genome
Amplicon-seq (up Bisulfite S i
to 170 samples) | Amplicons-Seq " e
- MedIPSeq

o
/ @
S
Transcription Whole Genome
\‘ ' ' Sequencing

ERANSCRIETONME

o Awass

Stranded RNA-seq )

13 Gb

From 1 human genome sequencing to....

. (1000 genomes » projects for all species

http://get.genotoul.fr
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From NGS short reads to long reads

*  First PACBIO installed in France

* SUNRISE project to acquire expertise
— To validate quality of DNA
— To improve library preparations
— To increase the number of reads

— To increase the length of reads

NUM MAX N50 BP N50 NUM MEAN MEDIAN BP/SMRTcell
moyenne 98666 28413 9176 9032 0,906 M
max 146374 41602 9997 9809 1,36Gb
moyenne 106800 28371 10773 9821 1,15Gb
max 144358 38325 11436 10568 1,6GB
moyenne 77086, 63({ 19705,5822 10326,6773 9152,5137 800Mb
max 126777 33133 13635 12295 1,3Gb

Improvements of the molecular biology steps have increased the length of the Pacio Sequences
(B. Mayjonade)

http://get.genotoul.fr
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From NGS short reads to long reads

* Fifteen projects to develop new applications :
— Whole genome sequencing on different species
— Targeted sequencing
— Complex population & metagenomics
— RNA sequencing
— Epigenetic

http://get.genotoul.fr
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whole genome sequencing

targeted resequencing | ° .
— | Genomic sequencing

exome sequencing

Single molecule real ime (SMRT) sequencing  /
MedIPSeq
Bisulfite seq \% Epigenomics
ChlP-seq  /
165 barcoding

Metagenomics

Whole metagenome seq }
Genotyping By Sequencing

RAD-seq |

—_—

Capture (exome, custom) |

Amplicon seq \

R

microarray CGH |

Gen in
KASPAR otyping
—

CNV

fragments /
gPCR

microarrays N Gene expression
RNA-seq  /
gPCR
microarray \ﬂ small RNA
small RNA-seq  /

DNA-seq (whole genome, exome, targeted)

™~ |
RHA-seq | /
e | Singlecell

microRNA /

Genomics

Transcriptomics

GeT Inama

Sites

MiSeq (illumina)
c
[ HiSeq 3000 (lllumina)
PRA .. .
lon PGM (Life Technolegies)
-
NGS lon S5 (Life Technologies)

! RSIl (PacBio): single molecule real time (SMRT) sequencing

Promethion (Oxford Nanopore]

Chroimium (10x Genomics)

ABI 3730

Capilla uencers
| MCapilary Seqdencers (-, 110,

Agilent
Microarrays
_ Affymetrix

ViiAT 96/384w (ABI)

Ve

[ StepOne + (ABI)
4{7 7900HT (ABI)

y
{ Appiications || + GeT |

N4

Services

\ .
\__Biomark (Fluidigm})

\ [ca Single Cell (Fludigm)

Fragment Analyzer (Advanced Analytical)

[ Bioanalyzer 2100 (Agilent)

e e e
| TapeStation 4200 {Agilent)

Qc DropSense 86 (Trinean)

Xpose (Trinean)
Manodrep ND2000 (Thermo Scientific)
‘l ' Qubit {Life Technologies)

| Bravo (Agilent)

-
Sample manipulation / \\'

\ Automation | Evo (Tecan)

\__Access Array (Fluidigm)
Agronomy

| Environment

[————

Expertise, Consulting {r Health
N Microbiology
\

Toxicology
Bio-informatics

Data Analysis
Y { Bio-statistics

Academic teaching

Training {

ouse training

http://get.genotoul.fr ?
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Focus on Next Generation Sequencing
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From Sanger to 3™ generation

Unique sequence Next Genration Sequencing

NGS - short reads
lon Torrent
Hlvmina
lon PGM .
2 Gh 2XHISO(| 3000
400 ph 700 Gb
2 x 150 pb

oS

15Gb
2 x 300 pb

3G - long reads
PacBio Rsll
70 000 reads - 20 kb

http://get.genotoul.fr
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NGS : Ion Torrent et Illumina

wl, Scalable: different chips < output: 50 Mb to Output: 2 Gb to 90 Gb / lane
15 Gb

Reads : 1 x 200 pb or 1 x 400 pb Reads: 1 x 50 pb to 2 x 300 pb
Bioinformatic tools pre-defined Many developpements ongoing
Data stored on the bioformatic core facility’s
clusters
New: S5 sequencer New: 2" HiSeq3000

Patterned Fow
£y Cells

http://get.genotoul.fr é" foul
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NGS: which applications ?

: » Whole Genome
Genomlcs. > Whole Exome
Re-Sequencing > Gene panels
> Hotspots
> Whole transcriptome
Transcritomics > Full Lenght Transcipts
Expression > Small RNA
» Targeted RNAseq
Enidenetics > Whole Genome
pigeneti > Targeted
Metagenomics > 165 )
» Amplicons

http://get.genotoul.fr
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Genomics — Re-sequencing/ de novo sequencing

> Whole Genome

Available:
- "PCR-free" librairies for lllumina
- 1 HiSeq3000 run = 8 genomes at 30X = 2,5 days
- lon S5 for small genomes
- GBS

= mutations screening

Other applications :
- Sequencing on PacBio RSII: 100 SMRT cells < 3 Gbh genome at 30X

- Sequencing on PacBio RSIl: 1 SMRT cell < 1 bacterial genome at 100X

= De novo sequencing, screening for chromosome modifications, haplotype
detection, SNP identification...

N

lllumina HiSeq 3000

http://get.genotoul.fr
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Transcriptomics - Expression

» Whole transcriptome sequencing /

Illumina HiSeq
= ldentification / quantification —

Available:
Stranded RNAseq (HiSeq3000, 2 x 150 ph)

> Full lenght transcripts sequencing

Under dvelopment on PacBio Rsl|
= Fusion transcripts, alternative transcripts

» small RNA sequencing

Available on lon $5 sequencing
< 100 pb - stranded sequencing

http://get.genotoul.fr
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Transcriptomics - Expression

» Targeted RNAseq = Expression

Design possible for custom panels:
On lon Torrent and lllumina

» Targeted RNAseq - gene fusion

On lon Torrent and lllumina :
RNA apoptose / RNA cancer panel
TruSight RNA Pan-Cancer...
custom

http://get.genotoul.fr
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» Bisulfite conversion

Available for whole genome on HiSeq
RRBS (Reduced Representation Bisulfite Sequencing)

> IncRNA/small RNA

RNAseq protocols modifications (ribodepletion vs poly-A selection)

> ChIP-seq/MedIP-seq

Illumina compatible

» "direct" methylome

Available on PacBio Rsll for small genomes

Epigenetics

a A

Illumina HiSeq

http://get.genotoul.fr
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Metagenomics - Metabarcoding

» 168 — commercial kit / lon PGM

(3
§ e PacBio Rsll
Pl |
. g 1
n

- 7 variable regions on 9
- Analysis on lon Reporter
- Low throughput

» 168 full lenght
- Available PacBio Rsll

» Custom Amplicons

- Available on lllumina - fully avtomated
- > 300 bharcodes available
- 1 region 300-400 pb

@

» Whole metagenome / transcriptome

- Available on HiSeq

http://get.genotoul.fr ?‘ foul
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HiSeq productivity and costs

4000 50
3500 45
40
3000
35
2500 30
2000 95 | moh/k
20 oGh / sem
1500 $/6b
15
1000
10
0 g - T T T 0
Hiseq Hiseq Hiseq X Hiseq X
2000 2500 1T five ten

http://get.genotoul.fr
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HiSeq productivity and costs

4000 50
3500 45
40
3000
B 35
2500 20
' 2000 95 | moh/k
20 oGh / sem
3 1500 $ /b
I 15
| 1000
10
~ o0 od AN 5
0 g - T T T T T 0

Hiseq Hiseq Hiseq Hiseq Hiseq X Hiseq X
2000 25001T 3000 4000 five ten

January 2015 : announcement of HiSeq3000 & HiSeq4000
(same Flow Cells as Hiseq X)

http://get.genotoul.fr
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HiSeq productivity and costs

Illumina reagent costs $ / Gb

4000 50
43
3500 43
40
3000
35
2500 30
2000 25 [mmmch /K
E—m Gb / sem
1500 20
15
1000
10
500
0 g 0
Hiseq Hiseq Hiseq Hiseq Hiseq X Hiseq X
2000 25001T 3000 4000 five ten

October 2015 : HiSeqX open to non humain (30x coverage) but 5 HiSegX at least...

http://get.genotoul.fr
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3rd generation: PacBio RsII

+ Single molecule real time sequencing
+ No PCR
+ Reads: 15-20 kb = 40 kb

- High error rate (>10%)
3
Random errors => corrected thanks to
sequencing depth

@ PACBIO®

SAMPLE DATA FROM R&D

"
A\
R&D Development mean = 32k "‘/\
N

/
/ I

0003

Targeting 2016 Release

http://get.genotoul.fr
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Read lenght increase

12kb cut off

18kb cut off 18kb cut off
(loading 0.15nM= 868Mb) (loading 0.30nM= 710Mb) (loading 0.36nM= 1036Mb)
N50 subreads = 12kb N50 subreads = 16.8kb N50 subreads = 19kb
60C.
5000 4h
. 6h
4000 movie ;
N movie movie
$000 I
NUM MAX N50 BP N50 NUM MEAN MEDIAN BP/SMRTcell
moyenne 28413 9176 9032 0,906 M
max 41602 9997 9809 1,36Gb
moyenne 28371 10773 9821 1,15Gb
— max 38325 11436 10568 1,6GB —_—
moyenne 77086,6301 19705,5822 10326,6773 9152,5137 800Mb
max 126777 33133 13635 12295 1,3Gb
N5U supreads = 15Kp l .5Kb I | INDU SUDIEaus = £U.0KD
Q
Improvements of the molecular biolo

steps hqr\{le increased the length of the Pa(:’,i.(.) Sequences
movie

Reads of
Insert
o
o
o

Reads of

2000

1000

60
Read Length (kbases)

Read Length (kbases)

http://get.genotoul.fr ’? o
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Read lenght increase

147 SMRT on 1st sunflower genome:

18kb cut off
e N50 15365 (loading 0.36nM= 1036Mb)

* 800 Mb / SMRT cell N50 subreads = 19kb

6h
movie

103 SMRT on 2nd sunflower genome:
e N50 18510
* 1047 Mb / SMRT cell (max 1 445 Mb)

Reads of
jinsert,

50
Read Length (kbases)

20kb cut off

Top 10 of our longest subreads (loadina 0.45nM= 1000Mb)
80974 bp N50 sybreads = 20.5kb
79860 bp
79834 bp
78105 bp
77481 bp
76881 bp
76558 bp
76355 bp
75569 bp
75559 bp

SMRT® Cells

60

http://get.genotoul.fr
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Sunflower genome sequencing

INRA (Sunflower team):
Hiseq, 127 X

=» 43 % genome covered

Sunflower : 30 % repeated sequences(LTR)
Homme : 8.8 % repeated sequences

8000

7000 f\

International consortium:

Ve
°

5000

\
L

I 454, Hiseq, Genetic & Physic maps
V\ —— Sunflower (BAC)

=» 63 % genome covered

1000

20‘00 40‘00 6000 8000 10(;00 12000 14000 16000 18(;00 INRA (Sunflower 'eum & GeT-PIaGe) :
PacBio, 107 X (407 SMRT)
=» 84 %, genome covered

-1000

The Challenge: obtention of sequences longer
than the repeats

| #ictg | MAX | N50BP | #>N50 | MEDIAN | _Gb _

http://get.genotoul. fr
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Direct methylation analysis on PacBio

Goal: identification of different methylation patterns on evolved strains of the bacteria Ralstonia
solanacearum form PacBio sequencing

2 strains: ancestral strain & evolved strain
3 SMRTcells/strain

Direct methylation identified from PacBio sequencing:
v' 6mA @50X

v' 4mC @50X

v' 5mC @500X

http://get.genotoul.fr
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Modifications identified

Ancestral strain Evolved strain

6mA methylation signal

300 A A
C 300 C
250 v & G
T 250 )
3 200 3
c < 200
o o
+ +
0 150 ©
= & 150
g S
= i Threshold
&= 100
50 50
Noise
O 50 100 150 200 250 % 50 100 150 200 250 300
Per-Strand Coverage Per-Strand Coverage

http://get.genotoul.fr
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Preliminary results

6mA pattern: GTWWAC

784 GTWWAC patterns in the genome

>98% of 6mA with a méthylation at a QV >100
>98% 6mA -> typical pattern for bacteria

Preliminary analysis:

v' GTWWAC pattern associated with 99,2% of the 6mA
v 6CCGGC pattern associated with 33.2% of the 4mC
v" 5mC difficile @ voir en PacBio

~100 different patterns identified between ancestral and evolved strains => genes or
intergenic regions, including many regulatory genes

http://get.genotoul.fr
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Iso-seq = full lenght transcripts sequencing on PacBio RSII

4500

2500

Nb transcrits

1500

m AENR,. a.

PPLLLPLLPELLEP PP PLPLELLLPELTELLLLELELSLS

Length

Preliminary results : ~110000 different transcripts identified

http://get.genotoul.fr ? oul
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New techlonogy available

Chromium (10X genomics)

- Library prep for lllumina sequencing

- Long range genomic (~100 kb), haplotyping
- Single cell analysis

- Exome sequencing

R1 Barcode N-mer \ ‘a E

} ‘m‘j&\ N Allows for Genome ‘)
Ui ,};x\ 4 sequencing on HiSeq X

geno
toul

http://get.genotoul.fr ?
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. 100kb .
Pos1 Pos2 Pos3
Haplotype 1
Haplotype 2 | |
Conventional sequencing 10x sequencing
|
[ ] |
1 |
1 |
- pr- ~ T . e
L1
Average of two molecules Single Molecule Resolutionl

geno
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Oxford Nanopore

BASES SEQUENCED BY READ LENGTH

12.5M
Flow Cell Output
-~
10M
-
" @
R9.4 + E8 + New DNA [
~ . <
g components + beads o 7.5M .
C - (~9GB) ] In
15 o«
B . w
e 2 sMm
> =]
2 ___— R94+ET+New =
- | DNA components
E -
O L 2.5M |
-
. ‘ B
- 0 ‘ H”l ‘h”l“||\|‘H||“\.‘|HJlmh.\lll‘luml.mmull
W e e e e e we am am  am
PP, FLFLFLFLPFLFLLFLAFL,LP LSS S S
D (57 R A (B o8 AT 07T A0 (S AT A0 S (O
Time (hours) 2 ADT A GV (7 AD q‘\'@b'\}’\ GQ_\‘;’J {)bx@\’%\ ’LQ%’L”’%’L*

PromethlON
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LIMS development

* Current integration in NG6 : Main quality control workflows for PacBio’s data

geno
: L : : - toul
Under intearation in NG6 : Main guality control workflows for PacBio's data ._ bioinfo
Data quality analysis® — ,_“_
e N, TR

HS Files generation ({— I \ -

«  Upcoming : A new LIMS for NGS samples, sequencing and analysis tracking

GEN&)SCOPE

http://get.genotoul.fr ’? o
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ENGLISH

= GOUVERNEMENT fr < Q0

L'ACTUALITE LES ACTIONS = LE GOUVERNEMENT @\ PARTAGEZ
du Premier ministre du Gouvernement et les institutions et diffusez

22 juin 2016 - Communiqué

Remise du rapport "France
Médecine Génomique 2025" : faire

entrer la France dans l'ere de la
médecine génomique Illumina HiSeq X ten : 18000 genomes/year,

1000$ genome
E § .'/\'| }\ UJJES’EH Ule Assdy, All IS w

genomeweb
usiness olicy echnology esearc Isease Areas pplie arkets esources Tu rge': 2 30000 genomes/year (2020)

Home » Business, Policy & Funding » Research Funding » France Plans to Invest €670M in Genomics, Personalized Medicine

006000 12 sites in France

France Plans to Invest €670M in Genomics, Personalized

Medicine
Jun 23, 2016 | a GenomeWeb staff reporter

NEW YORK (GenomeWeb) — The French government announced that it plans to invest €670 million ($760.8 million)
in a genomics and personalized medicine program meant to improve the diagnosis and prevention of disease in
the country.

geno
toul
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Création Unité de Service GeT-PlaGe

=INRA _-

Trensfert ——

Création d’une entité INRA Transfert hébergée sur la plateforme : services aux entreprises

Vers une feville de route des infrastructures de recherche de I'INRA

http://get.genotoul.fr






